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111 order to deal with irreversible phenomena and in particular with the class of phenomena falling under the head of thermodynamics, it is necessary in the first place to introduce a broader and more general conception of energy than suffices for the study of the particular class of phenomena included under Rational Dynamics.
The following statements may be regarded in the light partly of a definition of energy, and partly of an enunciation of its properties which are assumed as fundamental.
There is a certain entity called energy which is characterised by the following properties:
(1)  In an isolated' system the total quantity of this entity always remains constant.
(2)  The energy of a system  cannot he changed without some real physical changes taking place in the state of the system.
(3)  The kinetic and potential energies of dynamics arc particular forms of this entity.
The first statement is the Principle of Conservation of Energy, and it leads to the following conclusions.
If the energy of a finite non- isolated system or part of a system changes in amount, then changes of equal but opposite amount must occur somewhere outside the system or part considered, so as to make the total amount unaltered.
According to (2) if the physical state of a system is completely defined by certain variables, the energy is a Junction of those variables only, and does not depend on the past history of the system previous to attaining the state in question.
On the other hand, if the state of the system is defined so far as certain physical phenomena are concerned by certain variables, and' we have evidence, from the existence of irreversible phenomena, or from any other cause, that energy changes have occurred in the system which are independent of the changes of these variables, we infer that the variables originally assumed are not sufficient to completely determine the physical' state of the system, but that this state depends on some other variables as well.
48. Observations. In connection with the above statements we notice the following points:
(1)  The energy of an isolated  system is  not the  only quantity which remains constant.    The components of momentum also remain constant,   but the energy   is the only  quantity  which  possesses  the property  of being wholly  or partially transformable into the forms of energy defined in Dynamics.
(2)  As it  is  impossible  to   conceive  or  realise a state of two energy, it is necessary to include an unknown constant in the expression